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物、Guaymas Basin 的热液样品及 Gulf of Cadiz 泥火山形式的冷泉样品中微生物
的群落结构。定量分析发现 Guaymas Basin 的热液样品中微生物的含量比大洋
沉积物中微生物的含量约高出二个数量级，同一样品中细菌的含量要比古菌的
含量高一个数量级。古菌的群落结构分析显示：大洋的 15 个深海沉积物样品的
群落结构相似，都以 MGⅠ为主导类群；ANME-1 在两个 Guaymas Basin 的热
液样品中都具优势，但 MCG 在不含油的样品中也大量存在，甚至比 ANME-1
更具优势，而在含油特别多的样品中却只有极微量的存在；MCG 、ANME-1
和 Thermoplasmatales 为 Gemini 泥火山样品的优势类群，而 Ginsburg 泥火山样
品的优势菌群为 Thermoplasmatales、MGⅠ、MCG 和 ANME-1。细菌的群落结
构分析显示：大洋的 10 个深海沉积物样品的群落结构较相似，多样性丰富，菌
群分布平均，无特别优势菌群；两个 Guaymas Basin 的热液样品的群落结构差
异很大，不含油的样品以 Bacteroidetes 为主导类群，含油特别多的样品中
Bacteroidetes，Deltaproteobacteria 和 Epsilonproteobacteria 都大量存在；Gulf of 
Cadiz 的两个泥火山样品的群落结构也有很大差异，Ginsburg 泥火山样品以
Gammaproteobacteria 为主导类群，Gemini 泥火山样品以 Epsilonproteobacteria
为主导类群。 
另外，本研究还采用相同的方法研究了 Captain Arutyunov 泥火山样品在同
一生物反应器中富集了不同天数的两个 Slurry 样品和反应器混合池中 ASW 样品
的微生物群落结构。两个 Slurry 样品的古菌群落结构非常相似，都以
Methanosarcinales 和 Thermoplasmatales 为主导菌群，Methanosarcinales 中的
ANME-2 可 以 进 行 甲 烷 厌 氧 氧 化 作 用 ； Slurry 样 品 的 细 菌 类 群 以
Gammaproteobacteria 和 Bacteroidetes 为优势菌群，ASW 样品的细菌多样性较低，







































Oceans cover 70.8% of the Earth and account for - 2/3 of the value of global 
ecosystem services. There are very abundant microbial resources in deep sea 
(depth≥1000m). The study of microbial diversity in deep-sea environments will be 
helpful to the understanding of the relationship between microbial diversity and 
ecological function, the roles of microbes in global climate regulation and material 
cycling. 
   Microbial community structures in deep-sea sediments from different oceans, 
samples from hydrothermal vent in Guaymas Basin and samples from cold seeps 
(mud volcanoes) in Gulf of Cadiz were investigated in this study by real-time PCR 
and 454 high-throughput sequencing. Quantitative analysis indicates that microbes in 
samples from hydrothermal vent in Guaymas Basin are about two magnitude order 
more abundant than sediments from different oceans, and bacteria is one magnitude 
order more abundant than archaea in the same sample. Analysis of archaeal 
community structures in samples shows that fifteen deep-sea sediments from different 
oceans harbor similar communities, MGⅠis the predominated group in these 
sediments; ANME-1 predominats in both samples from hydrothermal vent in 
Guaymas Basin, however, MCG commonly occurred in the sample without oil and is 
more abundant than ANME-1 but few in the oily sample; MCG, ANME-1 and 
Thermoplasmatales are dominant groups in the sample from Gemini Mud Volcano, 
and Thermoplasmatales, MGⅠ, MCG and ANME-1 predominate in the sample from 
Ginsburg Mud Volcano. Analysis of bacterial community structures in samples 
indicates that deep-sea sediments harbor diverse bacterial populations and different 
groups distribute evenly without dominant group; bacterial community structures in 
samples from hydrothermal vent in Guaymas Basin are distinct, Bacteroidetes 
predominates in the sample without oil but Bacteroidetes，Deltaproteobacteria and 
Epsilonproteobacteria commonly occurred in the oily sample; bacterial community 
structures in two mud volcanoes in Gulf of Cadiz are also very different, 

















Epsilonproteobacteria in Gemini Mud Volcano. 
   In addition, microbial community structures in two Slurry samples with different 
cultivated days and one ASW sample in conditioning vessel in the same bioreactor 
system were investigated with the same method. All of three samples are culture of 
sample from Captain Arutyunov Mud Volcano in Gulf of Cadiz. The two Slurry 
samples harbor similar archaeal community structures, Methanosarcinales and 
Thermoplasmatales predominate in both samples, and ANME-2 in Methanosarcinales 
can oxidate methane in anaerobic condition. Gammaproteobacteria and Bacteroidetes 
predominate in the Slurry sample, and the ASW sample harbors low bacterial diversity, 
Bacteroidetes, Gammaproteobacteria and Deltaproteobacteria account for 96% of the 
abundance of bacteria. 
   In a word, microbial communities in three classic types of marine environments 
were investigated and compared in this study. The results indicate microbial 
communities in deep-sea sediments from different oceans are similar, however, 
microbial communities in three marine environments are distinct. We also proved 
anaerobic methane-oxidating archaea were enriched successfully in the reactor, and 
found better material for researching this process. 
Key words: microbial community structure; deep-sea sediment; cold seep; 

































   海洋覆盖了地球表面的 70.8%，大约承担了全球生态系统服务价值的 2/3。
它不但是海洋生物的栖息地，而且在地球的气候变化和物质循环中起着举足轻重
的作用，是地球生态链中不可或缺的一环。 
所谓的深海，是指 1000 米以下的海洋，营养相对贫乏，占据世界海洋 85%









海洋微生物学研究 早开始于 1875 年，Pflügere 首次确认了海鱼体内存在
着发光细菌。1884 年，Certes 第一次采集到了深海沉积物和海水样品，并从 100





































    同年，以 Woese、Stetter、Fox 和 Zillig 为代表的科学家们在分析研究了相
当保守的 16S rRNA 的核苷酸序列之后提出了以真细菌（Eubacteria）、古细菌
（Archaea）和真核生物（Eucarya）为分类单元的三界学说，而基于 16S rDNA
的分子技术是目前研究环境微生物多样性 传统却 常用的方法。 













































另一方面，始于 1968 年开展的国际深海钻探计划（Deep sea drilling project，
DSDP，1968-1983），大洋钻探计划（Ocean drilling program，ODP，1985-2003）， 
和综合大洋钻探计划（Integrated ocean drilling program，IODP，2004 至今）为我
们提供了研究海洋生物的机会。一个存在于 1-300℃，0.1-100MPa 的广域生活范
围的生物世界，向我们揭示了一个以前从未想像到的埋藏在海底沉积物和上部洋
壳中的海底深部生物圈（Subseafloor deep biosphere）[21]。 
我国的大洋科考始于 20 世纪 70 年代。作为中国开展远洋科学调查的主力船




























年开始的第 21 航次的科学考察中，我国科学家新发现了 5 个热液区，并首次在
西南印度洋完成大规模海底地震台阵探测调查，开创了我国在大洋中脊开展海底










研究表明：属于 Crenarchaeota 的 MGⅠ随着水深的增加而占优势[24]，其可通过















































图1-1 已知的深海热液喷口的全球分布（William Martin et al,2008） 
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